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(57) ABSTRACT

A posifive type electrodeposition photoresist composition
characterized by neutralizing by a basic compound and
dissolving or dispersing in an aqueous medium a composi-
tion comprising (A) a polymer having 0.5-10 equivalents of
carboxyl group(s) and optionally having more than 1 equiva-
lent of hydroxyphenyl group(s) per kg polymer, or (A') a
polymer having 0.5-10 equivalents of carboxyl group(s) per
kg polymer and (A") a polymer having more than 1 equiva-
lent of hydroxyphenyl group(s) per kg polymer; (B) a
compound having at least two vinyl ether groups per mol-
ecule; (C) a compound which generates an acid when
irradiated with a visible light; and (D) a sensitizing dye, and
a process for pattern formation using such a composition are
disclosed.

Said composition has excellent thermal stability, high reso-

lution and formability of fine 1image pattern and 1s usetul to
positive type photoresist, printing material etc.

28 Claims, No Drawings
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POSITIVE TYPE ELECTRODEPOSITION
PHOTORESIST COMPOSITIONS AND
PATTERN FORMATION PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to positive type electrodepo-
sition photoresist compositions, as well as to formation
processes, using the compositions, for pattern useful to
circuit formation of electronic devices, materials for printing
etc.

2. Description of the Prior Art

Currently, positive type photoresists are widely used for
formation of circuit patterns of electronic devices etc. As
positive type aqueous resist compositions used for these
applications, iIn many cases, resins, which dissolve or dis-
perse 1n water by neutralization and chemically bound with
a quinone diazide compound, are used in the form of
aqueous solution or dispersion.

These compositions form a resist film by utilizing a
reaction 1n which the quinone diazide group 1s photo-
decomposed when 1rradiated with an ultraviolet light and
forms an 1ndenecarboxylic acid via a ketene.

The resist compositions using quinone diazide compound,
however, are weakly photoreactive to a visible light and
hence, there are problems of insufficient resolution etc. 1n
case a formation of a very {line pattern 1s necessary.
Moreover, the quinone diazide group is unstable 1n aqueous
systems, and hence, there 1s a difficulty 1 using the com-
position containing a quinone diazide group in applications
that require prolonged stability of the composition 1n a bath
as 1n the electrodeposition coating process.

The present 1nventors previously proposed, as positive
type electrodeposition photoresist compositions replacing
these, a composition sensitive also to a visible light com-
prising a polymer having carboxyl group(s) and occasionally
phenolic hydroxyl group(s), a compound having a plurarity
of vinyl ether groups, and a compound which 1s decomposed
and generates an acid when 1rradiated with an actinic ray
(U.S. Pat. No. 5,527,656; Japanese Laid-open Patent Pub-
lications No. 313134/1994, 313135/1994, and 313136/1994.
These compositions are photosensitive electrodeposition
compositions which function according to a mechanism that
the film formed from them becomes insoluble 1n solvents
and aqueous alkaline solutions through crosslinking by an
addition reaction between carboxyl group(s) and vinyl ether
group(s) when heated, and when it is further irradiated with
an actinic ray and then heated, the exposed portions become
soluble 1n solvents and aqueous alkaline solutions again as
the crosslinked structure 1s severed by the catalytic action of
the acid generated by the irradiation.

These compositions have advantages such as having high
fransparency to actinic rays, because they need not contain
a large amount of a functional group of high extinction
coellicient unlike resists using quinone diazide as a photo-
sensitizer and having high sensitivity as positive type pho-
fosensitive composition because the acid generated at the
exposed portions acts as catalyst, when heated, to sever the
crosslinked structure in the form of a chain reaction.

However, the heating time 1s required to be shortened in
respect of productivity, when these photosensitive elec-
trodeposition compositions are coated on a substrate and
heated for crosslinking. When a shortening of the time 1is
tried by heating at a higher temperature than 100° C., there
1s the problem that the compound, which generates an acid
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when 1rradiated with an actinic ray, existing 1n said photo-
sensitive electrodeposition composition, generates an acid
already before being irradiated by a visible light and thus the
whole formed film 1s dissolved when developed. Therefore,
an improvement of the thermal stability of said photosensi-

five electrodeposition composition 1s strongly demanded in
said technical field.

SUMMARY OF THE INVENTION

The present 1nventors made an intensive study to solve
problems the above-mentioned photosensitive electrodepo-
sition compositions have. As a result, they have found that
the above-mentioned problems can be solved by using
naphthalimidylsulphonate, as the compound which 1s
decomposed and generates an acid when 1rradiated with a
visible light, 1n combination with a sensitizing dye and
completed the present invention.

Thus, according to an aspect of the present invention,
there 1s provided a positive type electrodeposition photore-
sist composition characterized by neutralizing by a basic
compound and dissolving or dispersing in an aqueous
medium a composition comprising (A) a polymer having
0.5-10 equivalents of carboxyl group(s) and optionally
having more than 1 equivalent of hydroxy-phenyl group(s)
per kg polymer; (B) a compound having at least two vinyl
ether groups per molecule; (C) a compound, which gener-
ates an acid when irradiated with a visible light, represented
by the general formula wherein R represents

(1)

JO

wherein R represent

group (where R, R, and R, each mdependently repre-
sents hydrogen atom or fluorine atom),

and (D) a sensitizing dye;
as well as a process for pattern formation using such a
composition.

Furthermore, according to another aspect of the present
invention, there 1s provided a positive type electrodeposition
photoresist composition characterized by neutralizing by a
basic compound and dissolving or dispersing 1n an aqueous
medium a composition comprising (A') a polymer having
0.5-10 equivalents of carboxyl group(s) per kg polymer;
(A") a polymer having more than 1 equivalent of hydrox-

yphenyl group(s) per kg polymer;

CH, ;
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(B) a compound having at least two vinyl ether groups per
molecule; (C) a compound, which generates an acid when
irradiated with a visible light, represented by the above-
mentioned general formula (I); and (D) a sensitizing dye; as
well as a process for pattern formation using such a com-
position.

The compositions of the present invention are highly
sensifive to a visible light, especially to Ar laser having
stable emission of radiation 1n a visible area of wavelength
488 nm or 514.5 nm, have even no problem of film disso-
lution during development in the pattern formation proce-
dure due to a high thermal stability, have an excellent
contrast of the formed pattern, and are useful for such
applications as positive type photoresist, printing materials
ctc.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention 1s hereinafter described 1n more
detail.

(A) Polymer having Carboxyl Group(s) and
Optionally having Hydroxyphenyl Group(s)

The polymer (A) used in the positive type electrodeposi-
tion photoresist composition according to the first aspect of
the present mvention 1s a film-forming polymer having at
least one carboxyl group per molecule and optionally having
hydroxyphenyl group(s). The polymers having only car-
boxyl group(s) include, for example, homopolymers of a
carboxyl group-containing polymerizable unsaturated
monomer; copolymers of said carboxyl group-containing
monomer and another monomer copolymerizable therewith;
a resin of polyester type, polyurethane type, polyamide type
or other types having carboxyl group(s) in the molecular
chain or at the molecular end(s). The polymers having both
carboxyl group(s) and hydroxyphenyl group(s) include, for
example, copolymers of a hydroxystyrene such as
p-hydroxystyrene and a carboxyl group-containing polymer-
1zable unsaturated monomer; copolymers of a hydroxysty-
rene and said carboxyl group-containing monomer, and
another copolymerizable monomer and the like.

The above-mentioned carboxyl group-containing poly-
merizable unsaturated monomers include, for example,
acrylic acid, methacrylic acid, crotonic acid, itaconic acid
ctc. The other monomers copolymerizable with these car-
boxyl group-containing polymerizable unsaturated mono-
mers and/or a hydroxystyrene include, for example, C,—C,,
alkyl esters of (meth)acrylic acid, such as methyl (meth)
acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl
(meth)acrylate, hexyl (meth)acrylate, octyl (meth)acrylate,
2-ethylhexyl (meth)acrylate, nonyl (meth)acrylate, decyl
(meth)acrylate and the like; C,—C,. hydroxyalkyl esters of
(meth)acrylic acid, such as hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)
acrylate, hydroxybutyl (meth)acrylate and the like; aromatic
vinyl compounds such as styrene, o.-methylstyrene, p-tert-
butylstyrene and the like; vinyl acetate, (meth)acrylonitrile,
(meth)acrylamide and vinylpyrrolidone etc. These mono-
mers can be used individually or 1n combination of two or
more.

Moreover, as polymers (A), there may be used polymers
obtained by condensation of formaldehyde with a phenol
carboxylic acid such as hydroxybenzoic acid, gallic acid,
resorcylic acid etc., or mixture of them with one or more
than two phenols selected from phenol, C,—C,4 mono- or
dialkylphenol or naphthol, resorcinol, catechol, etc.
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The polymer (A) preferably has a number-average
molecular weight 1n a range of generally about 500 to about
100,000, particularly about 1,000 to about 50,000 and more
particularly about 1,500 to 30,000. The desirable carboxyl
ogroup content 1s 1n a range of generally 0.5 to 10 equivalents,
particularly 0.5 to 8 equivalents, and more particularly 0.5 to
5 equivalents per kg of the polymer and the desirable
hydroxyphenyl group content, when exists, 1s at least 1
equivalent and 1n a range of generally 1 to 10 equivalents,
particularly 2 to 8 equivalents, and more particularly 3 to 6
equivalents per kg of the polymer. When the carboxyl group
content 1s less than 0.5 equivalents/kg, the film formed by
heating before wrradiation with a visible light has no suffi-
cient crosslinking degree, and the developability tends to
decrease due to low solubility of the exposed portions 1n
alkaline developer. On the other hand, when the carboxyl
oroup content 1s more than 10 equivalents/kg, the storing
stability of the composition tends to decrease. When the
hydroxyphenyl group content is less than 1 equivalent/kg,

the crosslinking degree at the crosslinking may not be
sufficient.

Further, the polymer (A) preferably has a glass transition
temperature (Tg) of not lower than 0° C., particularly in a
range of 5 to 70° C. When Tg i1s lower than 0° C., the
resulting coating film 1s sticky and easily picks up dirt and
dust, there being the possibility that the handling becomes
difficult.

(A') Polymer having Carboxyl Group(s)

The polymer (A') used in the positive type electrodepo-
sition photoresist compositions according to the second
aspect of the present invention 1s a film-formable polymer
having at least one carboxyl group in the molecule and
includes, for example, a homopolymer of a carboxyl group-
containing polymerizable unsaturated monomer; a copoly-
mer of said carboxyl group-containing monomer and other
copolymerizable monomer; and a resin of polyester type,
polyurethane type, polyamide type or other types having
carboxyl group(s) in the molecular chain or at the molecular
end(s).

The above-mentioned carboxyl group-containing poly-
merizable unsaturated monomers include, for example,
acrylic acid, methacrylic acid, crotonic acid, itaconic acid
ctc. The other monomers copolymerizable with these car-
boxyl group-containing monomers include, for example,
C,—C,, alkyl esters of (meth)acrylic acid, such as methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate,
butyl (meth)acrylate, hexyl (meth)acrylate, octyl (meth)
acrylate, 2-ethylhexyl (meth)acrylate, nonyl (meth)acrylate,
decyl (meth)acrylate and the like; C,—C. hydroxyalkyl
esters of (meth)acrylic acid, such as hydroxyethyl (meth)
acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl
(meth)acrylate, hydroxybutyl (meth)acrylate and the like;
aromatic vinyl compounds such as styrene,
a-methylstyrene, p-tert-butylstyrene and the like; vinyl
acetate, (meth)acrylonitrile, (meth)acrylamide, vinylpyrroli-
done etc. These monomers can be used i1ndividually or in
combination of two or more. Among said other monomers,
preferable are aromatic vinyl compounds such as styrene,
o-methylstyrene, C,—C, alkyl-substituted styrene (for
example, p-tert-butylstyrene) and the like, in view of the
precision of formed 1mage patterns, etching resistance, etc.

The carboxyl group-containing polymer (A') preferably
has a number-average molecular weight 1n a range of
ogenerally about 3,000 to about 100,000, particularly about
4,000 to about 65,000 and more particularly about 5,000 to
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30,000. The desirable carboxyl group content 1s 1n a range
of generally 0.5 to 10 equivalents, particularly 0.5 to 8
equivalents, and more particularly 0.5 to 5 equivalents per
ke of the polymer. When the carboxyl group content 1s less
than 0.5 equivalents/kg, the film formed by heating before
irradiation with a visible light has no sufficient crosslinking
degree, and the developability tends to decrease due to low
solubility of the exposed portions in alkaline developer. On
the other hand, when the carboxyl group content 1s more
than 10 equivalents/kg, the storing stability of the compo-

sition tends to decrease.

Further, the polymer (A') preferably has a glass transition
temperature (Tg) of not lower than 0° C., particularly in a
range of 5 to 70° C. When Tg is lower than 0° C., the
resulting coating film 1s sticky and easily picks up dirt and
dust, there being the possibility that the handling becomes
difficult.

(A") Polymer having Hydroxyphenyl Group(s)

The polymer (A") used in combination with the above-
mentioned polymer (A') in the positive type electrodeposi-
tion photoresist compositions according to the second aspect
of the present invention 1s a polymer having at least one
hydroxyphenyl group 1n the molecule and includes, for
example, a condensation product of a monofunctional or
polyfunctional phenol compound, an alkylphenol compound
or their mixture, and a carbonyl compound such as
formaldehyde, acetone or the like; a homopolymer of a
hydroxy group-containing aromatic vinyl compound such as
p-hydroxystyrene or the like; and a copolymer of said
hydroxyl group-containing aromatic vinyl compound with
other copolymerizable monomer.

The above-mentioned monofunctional or polyfunctional
phenol compounds 1nclude, for example, compounds having,
1-3 hydroxyl groups on the benzene ring, such as phenol,
o-cresol, m-cresol, p-cresol, 3,5-xylenol, 2,6-xylenol, 2,4-
xylenol, catechol, resorcinol, pyrogallol, bisphenol A and the
like. The alkylphenol compounds include, for example,
alkylphenol compounds whose alkyl moiety has 1-10 car-
bon atoms, preferably 1-4 carbon atoms, such as
p-1sopropylphenol, p-tert-butylphenol, p-tert-amylphenol,
p-tert-octylphenol and the like.

The condensation reaction between these compounds and
the carbonyl compound such as formaldehyde, acetone or
the like can be conducted by a per se known method. In
general, condensation 1n the presence of an alkali catalyst
orves an 1nsoluble and infusible resole type resin with the
progress of condensation; and condensation using an acid
catalyst gives a soluble and fusible novolac type resin. In the
present invention, the latter novolac type phenolic resin may
usually be used. While novolac type phenolic resins increase
the molecular weight with the progress of condensation, a
novolac type phenolic resin having a molecular weight 1n a
range of 500 to 2,000, particularly 700 to 1,500, 1s obtained
generally by conducting condensation for 1-3 hours.

As other monomers copolymerizable with the hydroxy
group-containing aromatic vinyl compound, there can be
used the same other copolymerizable monomers as men-
tioned with respect to the copolymer used in the above-
mentioned polymer (A').

This hydroxyphenyl group-containing polymer (A") pref-
erably has a number-average molecular weight 1n a range of
generally about 500 to about 100,000, particularly about 750

to about 65,000, and more particularly about 1,000 to about
30,000.

The preferable hydroxyphenyl group content 1n the poly-
mer (A") is more than 1 equivalent and in a range of
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ogenerally 1 to 10 equivalents, particularly 2 to 8 equivalents,
and more particularly 3 to 6 equivalents, per kg of the
polymer. When the hydroxyphenyl group content is less than
1 equivalent/kg, the film formed by heating before irradia-
tion with a visible light tends to have 1nsufficient crosslink-
ing degree.

The polymer (A"), similarly to the polymers (A) and (A",
preferably has a glass transition temperature (Tg) of not
lower than 0° C., particularly in a range of 5 to 70° C. When
Tg is lower than 0° C., the resulting coating film is sticky
and easily picks up dirt and dust, there being the possibility
that the handling becomes difficult.

(B) Compound having at Least two Vinyl Ether
Groups 1n the Molecule

The compound (B) is a low-molecular weight or high-
molecular weight compound having, 1n a molecule, at least
two, preferably two to four vinyl ether groups represented by
a formula —R'—O—CH=CH, |[wherein R' represents a
C,—C, straight chain or branched chain alkylene group, such
as ethylene, propylene, butylene or the like| and includes,
for example, condensation products between a polyphenol
compound such as bisphenol A, bisphenol F, bisphenol S,
phenolic resin etc. or a polyol such as ethylene glycol,
propylene glycol, tri-methylolpropane, trimethylolethane,
pentaerythritol etc. and a halogenated alkyl vinyl ether such
as chloroethyl vinyl ether etc.; reaction products between a
polyisocyanate such as tolylene duisocyanate, xylylene
diisocyanate, hexamethylene diisocyanate, 1sophorone
duisocyanate etc. and a hydroxyalkyl vinyl ether such as
hydroxyethyl vinyl ether. Among these, the above-
mentioned condensation products between a polyphenol
compound and a halogenated alkyl vinyl ether, and reaction
products between a polyisocyanate compound having an
aromatic ring and a hydroxyalkyl vinyl ether are preferable
1in view of etching resistance, precision of the formed pattern
ctc.

Preferably, the compound (B) is a liquid at normal
temperature, or has a melting or softening point of lower
than 150° C., particularly lower than 130° C. The reason is
that such a compound (B) can easily migrate into the
polymer (A) or the polymers (A') and/or (A") at the heating
step before 1rradiation with a visible light and the carboxyl
group(s) and/or the phenolic hydroxyl group(s) in the poly-
mer (A) or the polymers (A') and/or (A") can easily give rise
to an addition reaction with the vinyl ether groups in the
compound (B).

(C) Compound which Generates an Acid when
Irradiated with a Visible Light

The compound (C) is a compound which, when irradiated
with a visible light to be described later, 1s decomposed and

ogenerates an acid having an intensity sufficient to sever the
crosslinked structure formed between the above-mentioned
polymer (A) or polymers (A') and/or (A") and the compound
(B). |[Hereinafter, the compound (C) 1s referred to as
“photochemically-acid-generating compound” 1n some
cases.] The compound (C) includes, for example, the com-
pounds represented by the following general formula (I).
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wherein R represents

group (where R,, R, and R, each independently repre-
sents hydrogen atom or fluorine atom),

Specific examples of the compounds represented by the
above-mentioned formula (I) include, for example,

O

O
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O

O
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) i
N O Sl
) !
O
?
N—O—S‘4©—CH3 and
QO
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QO
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N—O—S—CH,
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O O

(D) Sensitizing Dye

CH,

@

@

JO

The sensitizing dye (D) used in the positive type elec-
trodeposition photoresist compositions of the present inven-
fion 1s a compound which 1s excited by absorbing the light
of the wavelength range of 400 to 700 nm (visible light) and

has a mutual action with the above-mentioned polymers (A),
(A"), (A"), the compound (B) and/or the photochemically-
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acid-generating compound (C). Examples of the sensitizing
dye (D) include the compounds represented by the following,
general formulae (IT) and (IIT), cyanine type dyes, merocya-
nine type dyes, coumalin type dyes and the like. Among
these, particularly the compounds represented by the general
formulae (II) and (III) are preferable. The “mutual action™
mentioned here includes energy transfer and electron trans-
fer from the excited sensitizing dye to the other components.

(In

wherein R, R, R, and R, each independently represents
methyl, ethyl, propyl or isopropyl groups, preferably
methyl group, and R, and R, each independently
represents hydrogen atom, alkyl group of 1-4 carbon
atoms, alkoxy group of 1-4 carbon atoms, alkoxycar-
bonyl group of 2-5 carbon atoms, dialkylamino group
of 14 carbon atoms in each alkyl moiety, Cl, Br, CN,
NO, or SO,CH,, and preferably hydrogen or methyl

group.
(I1D)
Rip Ry /N--..._‘/\_RB
N S""J NS
O O
Ri2

wherein R, R;; and R, each independently represents
methyl, ethyl, propyl or i1sopropyl groups, preferably
R, and R,; being methyl group and R,, being ethyl
ogroup, and R,; and R, , each independently represents
hydrogen atom, alkyl group of 1-4 carbon atoms,
alkoxy group of 1-4 carbon atoms, alkoxycarbonyl
group of 2-5 carbon atoms, dialkylamino group of 14
carbon atoms 1n each alkyl moiety, Cl, Br, CN, NO, or
SO,CH;, and preferably hydrogen or methyl group.
Besides the compounds represented by the above-
mentioned (II) and (III), as cyanine type dyes, merocyanine
type dyes and coumalin type dyes per se known ones can be
used. For example, as cyanine type dyes and merocyanine
type dyes, what 1s described in Japanese Laid-open Patent
Publication No. 213838/1986, and as coumalin type dyes
what 1s described 1n Japanese Laid open Patent Publications
No. 97650/1986 and No. 223759/1991 can be mentioned.
Positive Type Electrodeposition Photoresist Composition
The positive type electrodeposition photoresist composi-
tion according to the first aspect of the present invention
comprises, as essential components, four components, 1.€.,
the above-mentioned polymer having carboxyl group(s) and
optionally having hydroxyphenyl group(s) (A), compound
having vinyl ether groups (B), photochemically-acid-
generating compound (C) and sensitizing dye (D) and 1is
dissolved or dispersed in an aqueous medium, while the
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carboxyl groups 1n said polymer (A) being neutralized by a
basic compound. The compounding ratio of these compo-
nents can be varied over a wide range depending upon the
applications of said composition etc. However, the com-
pound having vinyl ether groups (B) is preferably used in a
range of generally 0.1-150 parts by weight, particularly
1-100 parts by weight, and more particularly 3—80 parts by
weight, per 100 parts by weight of the polymer (A). The
photochemically-acid-generating compound (C) 1s appropri-
ately used 1n a range of generally 0.1-40 parts by weight,
particularly 0.2-20 parts by weight, and more particularly
0.5—15 parts by weight, per 100 parts by weight of the total
of the polymer (A) and the compound having vinyl ether
groups (B). Furthermore, the sensitizing dye (D) can be used
in a range of generally 0.1-10 parts by weight, preferably
0.5-5 parts by weight, and more preferably 0.5-3 parts by
welght, per 100 parts by weight of the total of the polymer
(A) and the compound having vinyl ether groups (B).

The positive type electrodeposition photoresist composi-
tion according to the second aspect of the present invention
comprises, as essential components, five components, 1.€.,
the above-mentioned carboxyl group-contamning polymer
(A"), hydroxyphenyl group-containing polymer (A"), com-
pound having vinyl ether groups (B), photochemically-acid-
generating compound (C) and sensitizing dye (D) and is
dissolved or dispersed in an aqueous medium, while the
carboxyl groups in said polymer (A') being neutralized by a
basic compound. The compounding ratio of these compo-
nents can be varied over a wide range depending upon the
applications of said composition etc. However, the carboxyl
group-containing polymer (A") and hydroxyphenyl group-
containing polymer (A") may be used in a range of propor-
tions by weight, (A')/(A"), of generally 90/10 to 10/90,
particularly 70/30 to 30/70, and more particularly 60/40 to
40/60. The compound having vinyl ether groups (B) is
preferably used 1 a range of generally 5-150 parts by
welght, particularly 10-100 parts by weight, and more
particularly 10—80 parts by weight, per 100 parts by weight
of the total of the carboxyl group-containing polymer (A'),
and hydroxyphenyl group-containing polymer (A"). The
photochemically-acid-generating compound (C) 1s appropri-
ately used 1n a range of generally 0.1-40 parts by weight,
particularly 0.2-20 parts by weight, and more particularly
0.5—15 parts by weight, per 100 parts by weight of the total
of the carboxyl group-containing polymer (A'), hydroxyphe-
nyl group-containing polymer (A"), and the compound
having vinyl ether groups (B). Furthermore, the sensitizing
dye (D) can be used in a range of generally 0.1-10 parts by
welght, preferably 0.5-5 parts by weight, and more prefer-
ably 0.5-3 parts by weight, per 100 parts by weight of the
total of the carboxyl group-containing polymer (A'), hydrox-
yphenyl group-containing polymer (A"), and the compound
having vinyl ether groups (B).

In the compositions of the present invention, existence of
water 1s preferable in order to smoothly progress the acid
hydrolysis reaction, which takes place in the exposed por-
fions by the acid generated when the resulting film 1s
exposed to light. Therefore, the compositions of the present
invention may comprise a hydrophilic resin such as poly-
cthylene glycol, polypropylene glycol, methyl cellulose,
cthyl cellulose etc., so that necessary amount of water for the
above-mentioned reaction be taken into the resulting film.
The amount of such hydrophilic resin to be added can be
usually 1n a range of generally less than 20 parts by weight,
preferably 0.1-10 parts by weight, and more preferably

0.1-5 parts by weight, per 100 parts by weight of the total
of the components (A), (B), (C) and (D), or per 100 parts by
weight of the total of the components (A'), (A"), (B), (C) and

(D).
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The compositions of the present invention may also
comprise a plasticizer such as phthalic acid ester etc., a
polyester resin, an acrylic resin etc. 1n order to allow the film
formed by using the compositions of the present invention to
have appropriate flexibility, non-tackiness, etc. The prefer-
able amounts of these additives are usually less than 50 parts
by weight, particularly 0.1 to 30 parts by weight, per 100
parts by weight of the total of the components (A), (B), (C)
and (D), or per 100 parts by weight of the total of the
components (A'), (A"), (B), (C) and (D).

The compositions of the present mmvention may further-
more comprise a fluidity-controlling agent, a colorant such
as dye or pigment, etc. as necessary.

The positive type electrodeposition photoresist composi-
tion of the present invention can be prepared by mixing the
above-mentioned components alone or mm a solvent, as
necessary, then neutralizing with a basic compound and
dissolving or dispersing 1n an aqueous medium. The usable
solvent preferably dissolves each component of the compo-
sition and 1s dissolved 1n water to more than 10% by weight
at normal temperature, and can include, for example,
ketones such as acetone, methyl ethyl ketone and the like;
aliphatic alcohols of 1-10 carbon numbers such as
methanol, ethanol, propanol and the like; glycols such as
cthylene glycol, propyleneglycol and the like; glycol ethers
such as mono- or diethers of these glycols with methanol,
cthanol, butanol etc., or esters of said monoethers; cyclic
cthers such as dioxane, tetrahydrofuran and the like. These
solvents can be used individually or 1n admixture of two or
more, as necessary.

These solvents are preferably used in an amount of
usually no more than 60 parts by weight, particularly no
more than 40 parts by weight, per 100 parts by weight of the
total of the polymer having carboxyl group(s) and optionally
having hydroxyphenyl group(s) (A), compound having vinyl
ether groups (B), photochemically-acid-generating com-
pound (C) and sensitizing dye (D), or per 100 parts by
weight of the total of the polymer (A'), the polymer (A"), the
compound (B), the compound (C) and the dye (D).

Further, there can auxiliarily be used solvents having a
solubility 1n water of not exceeding 10% by weight at
normal temperature in order to adjust the voltage to be
applied and film-formability at the time of electrodeposition
coating which will be described later on.

Examples of such a solvent include ketones such as
methyl 1sobutyl ketone, cyclohexanone, isophorone etc.;
alcohols such as n-butanol, hexanol, octanol, benzyl alcohol
etc.; glycols such as ethylene glycol, propylene glycol etc.;
olycol ethers such as monoether between such a glycol and
hexanol, octanol, phenol etc. or diether between such a
olycol and hexanol, octanol, phenol etc.; aromatic hydro-
carbons such as toluene, xylene, alkylbenbenes etc.; and
aliphatic hydrocarbons having a boiling point of not lower
than 80° C. These solvents can be used individually or in
mixing two Oor more.

The basic compound used 1n the neutralization includes,
for example, amines such as trimethylamine, triethylamine,
diethylamine, dimethylethanolamine, diethanolamine,
methyldiethanolamine, triethanolamine,
2-aminomethylpropanol, benzylamine etc.; inorganic alkalis
such as sodium hydroxide, potasstum hydroxide etc.; ammo-
nia etc. These basic compounds may be used individually or
in mixing two or more. These basic compounds are prefer-
ably used in a range of 0.1-1 equivalents, particularly
0.2-0.7 equivalents per carboxyl group.

The composition of the present invention can be prepared
by a per se known method as by gradually adding to an
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aqueous medium, while stirring, a mixture of the compo-
nents such as the polymer (A), or the polymers (A') and (A"),
the compound having vinyl ether groups (B), the
photochemically-acid-generating compound (C), the sensi-
tizing dye (D), the basic compounds used for neutralization,
and, as necessary, the above-described solvent, etc. The
solid content of the resulting compositions 1s not particularly
limited but, usually it 1s preferably 1n a range of 0.5-50% by
weight, particularly 5-20% by weight.

Formation of Pattern

Pattern formation using the positive type electrodeposi-
tion photoresist composition of the present invention can be
conducted, for example, as described below.

First, said composition 1s coated on a substrate having an
electroconductive surface, for example, a copper-laminated
substrate for printed circuit or the like by electrodeposition
coating to a thickness of about 0.5-15 um 1n terms of
dry-film thickness. The electrodeposition coating i1s con-
ducted by dipping an article to be coated as an anode 1n an
clectrodeposition bath comprising the composition of the
present 1nvention, connecting a direct current source
between the anode and the cathode, and applying current.
Application of current can be conducted by a constant
voltage method 1n which a constant voltage 1s applied, a
constant current method in which current 1s applied at a
constant current density or a combination method in which
they are combined. Also, a method may be used 1n combi-
nation 1n which the voltage or current density 1s increased
slowly at an initial stage to a predetermined value.

The resist film having the predetermined film thickness
can be formed by applying a voltage of usually 5-250V for
10 seconds to 5 minutes 1n the case of the constant voltage
method or applying a current density of usually 5-100
mA/dm” for 5 seconds to 5 minutes in the case of the
constant current method.

The thickness of the coating film of the composition of the
present 1nvention by electrodeposition coating 1s not
restricted strictly and can be varied depending on the
intended application of the formed pattern. However, the
appropriate film thickness i1s usually in a range of about
0.5—15 wum, particularly about 1-10 um, 1n term as of
dry-film thickness.

The substrate coated with the composition of the present
invention 1s heated to crosslink and harden the coating film
under the conditions of temperature and time, under which
a crosslinking reaction substantially occurs between the
polymer (A) or polymers (A') and/or (A"), and vinyl ether
group-containing compound (B), for example, at about 60°
C. to about 150° C., preferably at about 80° C. to about 140°
C., for about 1 to about 30 minutes.

Then, the cured coating film on the substrate 1s irradiated
image-selectively with a visible light, using a positive type
photomask, a reduction projection aligner, a direct drawing,
machine or the like. The visible light usable here 1s selected
depending upon the kind of the photochemically-acid-
generating compound (C) and the sensitizing dye (D) etc.
blended 1n the composition of the present invention and can
include, for example, monochromic rays 1n a visible area of
the wavelength 400 to 600 nm or mixed rays thereof, or Ar
laser with an emission of radiation 1n a visible region.

The substrate irradiated with a visible light 1s then heated
under the conditions of temperature and time, under which
the crosslinked structure of the above-mentioned cured
coating {i1lm 1s severed 1n the presence of the acid generated
by said irradiation, for example, at about 60 to about 150°
C., preferably at about 80 to about 140° C., for about 1 to
about 30 minutes, whereby the crosslinked structure of the
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irradiated portions of the coating film 1s substantially sev-
ered. Preferably in that case, the substrate 1rradiated with a
visible light 1s previously contacted with water. By contact-
ing with water the acid generates easily and the next
severing reaction of the crosslinked structure becomes
casier. Contact with water can be conducted by dipping the
substrate 1n water of normal temperature or in warm water,
or by blowing water vapor on the substrate.

The thus treated substrate after heating-irradiation-contact
with water as necessary-heating 1s treated with a developer,
whereby a pattern can be formed on the substrate. As the
developer, there can be used a liquid capable of dissolving
the polymer (A) or the polymers (A') and (A"), for example,
an aqueous solution of a water-soluble organic base, for
example, alkanolamine, hydroxyammonium salts such as
tetracthylammonium hydroxide etc. or an 1norganic alkali,
for example, sodium hydroxide, sodium carbonate, sodium
metasilicate efc.

These basic substances can be used mndividually or as a
mixture of two or more. The preferable concentration of
these substances 1s usually 1n a range of 0.05 to 10% by
weight, particularly 0.1 to 8% by weight. Moreover, as
necessary, solvents described as usable solvents 1n case of
producing the positive type electrodeposition photoresist
composition of the present invention may be added at the
concentration within a mixable range with said developer.

The development can be conducted by a per se known
method, for example, by dipping the substrate in the
developer, or by spraying the developer onto the substrate.
The substrate, on which a pattern has been formed, can be
as necessary water-washed and/or heated for drying.

When the substrate 1s an etchable type, the exposed
portions of the substrate may be removed with an appropri-
ate etchant and, as necessary, the remaining coating {ilm may
be removed with an appropriate releasant to obtain a relief
Image.

The pattern thus formed i1s very fine and has excellent
contrast, and accordingly can be advantageously used 1n the
production of printing plate requiring a fine 1mage, relief,
display, printed circuit board etc.

Especially, as the positive type electrodeposition photo-
resist composition of the present mvention has an excellent
thermal stability 1n case of heating for crosslinking, it 1s
possible to crosslink by a short heating at a high temperature
of over 100° C. And as non-exposed portions of the resist
film have a crosslinked structure, the non-exposed portions
are more resistant against developer and etchant compared
with a conventional positive type photoresist. Therefore, the
formed pattern has an excellent precision and accordingly a
wide range of applications are expected i the field of
semiconductor fine processing such as printed circuit board
of fine pattern, LSI etc., metal fine processing etc.

The present 1nvention 1s hereinafter described more spe-
cifically by way of Examples. In the Examples, “part(s)” and
“%” are by weight.

SYNTHESIS EXAMPLE 1

Synthesis of Polymer A-1 having Carboxyl Groups
and Hydroxyphenyl Groups

Into a flask were placed 600 parts of o-hydroxy-benzoic
acid, 900 parts of o-cresol, 1,1145 parts of 30% formalin,
130 parts of deionized water and 6.5 parts of oxalic acid. The
mixture was refluxed by heating for 60 minutes. Thereto was
added 13.5 parts of 15% hydrochloric acid and the mixture
was refluxed by heating for 40 minutes. Then, thereto was
added 400 parts of deionized water of about 15° C. The



US 6,187,509 B1

13

contents in the flask were kept at about 50° C. to precipitate
a resin. Thereto was added 400 parts of deionized water to
wash the resin at 50° C. The aqueous layer was removed.
The washing operation was repeated three times. The result-
ing resin was dried at about 120° C. under reduced pressure
to obtain a novolac phenolic resin (polymer A-1). Molecular
welght=about 650; carboxyl group content=2.8 equivalents/
kg of polymer; hydroxyphenyl group content=5.4
cequivalents/kg of polymer.

SYNTHESIS EXAMPLE 2

Synthesis of Polymer A-2 having Carboxyl Groups
and Hydroxyphenyl Groups

Into a flask were placed 200 parts of tetrahy-drofuran, 65
parts of p-hydroxystyrene, 28 parts of n-butyl acrylate, 11
parts of acrylic acid and 3 parts of azobisisobutyronitrile.
The gas inside the flask was replaced by nitrogen, after
which the Flask contents were heated at 100° C. for 2 hours
with stirring. The reaction mixture was poured into 1,500 ml
of toluene. The resulting precipitate was separated and
dissolved 1n 300 ml of acetone. The solution was poured 1nto
1,500 ml of toluene again. The resulting precipitate was
dried at 60° C. under reduced pressure to obtain a polymer
A-2. Molecular weight=about 5,200; acrylic acid/n-butyl
acrylate/p-hydroxystyrene=17/37/50 (weight ratio); car-
boxyl group content=1.8 equivalents/kg of polymer; hydrox-
yphenyl group content=4.6 equivalents/kg of polymer.

SYNTHESIS EXAMPLE 3

Synthesis of Polymer A-3 having Carboxyl Groups
and Hydroxyphenyl Groups

Into a flask were placed 200 parts of tetrahydrofuran, 93.5
parts of p-hydroxystyrene, 6.5 parts of acrylic acid and 3
parts of azobisisobutyronitrile. The gas inside the flask was
replaced by nitrogen and the flask contents were heated at
100° C. for 2 hours with stirring. The reaction mixture was
poured 1nto 1,500 ml of toluene. The resulting precipitate
was separated and dissolved in 300 ml of acetone. The
solution was poured mto 1,500 ml of toluene again. The
resulting precipitate was dried at 60° C. under reduced
pressure to obtain a polymer A-3. Molecular weight=about
2,300; carboxyl group content=1.0 equivalent/kg of poly-
mer; hydroxyphenyl group content=7.0 equivalents/kg of
polymer.

SYNTHESIS EXAMPLE 4

Synthesis of Polymer A-4 having Carboxyl Groups

acrylic acid 216 parts
styrene 500 parts
n-butyl methacrylate 284 parts
azobisisobutyronitrile (AIBN) 50 parts

was dropwise added, in 2 hours, to 600 parts of methyl
isobutyl ketone being stirred at 80° C. Fhe mixture was kept
at that temperature for 2 hours to obtain a polymer A-4. Solid
content=about 62.5%; carboxyl group content=3
equivalents/kg of polymer; aromatic ring content=34.6 parts
by weight/100 parts by weight of polymer.
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SYNTHESIS EXAMPLE 5

Synthesis of Polymer A-5 having Carboxyl Groups

acrylic acid 288 parts
styrene 300 parts
n-butyl acrylate 255 parts
2-hydroxyethyl acrylate 157 parts
tert-butyl peroxybenzoate 100 parts

was dropwise added, 1in 2 hours, to 1,000 parts of 2-bu-toxy-
ethanol being stirred at 110° C. The mixture was kept at that
temperature for 2 hours to obtain a polymer A-5. Solid
content=about 50%; carboxyl group content=4 equivalents/
ke of polymer; aromatic ring content=20.7 parts by weight/
100 parts by weight of polymer.

SYNTHESIS EXAMPLE 6

Synthesis of Polymer A-6 having Carboxyl Groups

acrylic acid 72 parts
styrene 650 parts
ethyl acrylate 100 parts
n-butyl acrylate 178 parts
AIBN 75 parts

was polymerized in the same manner as in Preparation
Example 4 to obtain a polymer A-6. Solid content=about
62.5%; carboxyl group content=1 equivalent/kg of polymer;
aromatic ring content=45 parts by weight/100 parts by
welght of polymer.

SYNTHESIS EXAMPLE 7

Synthesis of Polymer A-7 having Hydroxyphenyl
Groups

Into a flask were placed 1,490 parts of o-cresol, 1,145
parts of 30% formalin, 130 parts of deiomized water and 6.5
parts of oxalic acid. The mixture was refluxed by heating for
60 minutes. Thereto was added 13.5 parts of 15% hydro-
chloric acid. The mixture was refluxed by heating for 40
minutes. Thereto was added 400 parts of deionized water of
about 15° C. The contents in the flask were kept at about 75°
C. to precipitate a resin. Thereto was added a 35% aqueous
sodium hydroxide solution for neutralization. Then the
aqueous layer was removed. To the resin layer was added
400 parts of deionized water to wash the resin at 75° C. The
aqueous layer was removed. The washing operation was
repeated twice. The resin was dried at about 120° C. under
reduced pressure to obtain a novolac phenolic resin
(polymer A-7). Molecular weight=about 600; hydroxyphe-
nyl group content=9.4 equivallents/kg of polymer.

SYNTHESIS EXAMPLE 8

Synthesis of Polymer A-8 having Hydroxyphenyl
Groups

Into a flask were placed 60 parts of tetrahydrofuran, 21
parts of p-hydroxystyrene, 9 parts of n-butyl acrylate and 3
parts of azobisisobutyronitrile. The gas 1nside the flask was
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replaced by nitrogen, and the flask contents were heated at
100° C. for 2 hours with stirring. The reaction mixture was
poured into 700 ml of toluene. The resulting precipitate was
separated and dissolved 1n 100 ml of acetone. The solution
was poured mto 700 ml of toluene again. The resulting
precipitate was dried at 60° C. under reduced pressure to
obtain a polymer A-8. Molecular weight=about 14,000;
n-butyl acrylate/p-hydroxystyrene=35/65 (weight ratio);
hydroxyphenyl group content=5.3 equivalents/kg of poly-
mer.

SYNTHESIS EXAMPLE 9

Synthesis of Vinyl Ether Compound B-1

Into a 250-ml flask were placed 45.6 g of bisphenol A, 80
ml of 2-chloroethyl vinyl ether and 100 ml of toluene. The
oas mside the flask was replaced by nitrogen. 20 g of sodium
hydroxide was added. The mixture was heated at 80° C. for
30 minutes. Then, there was added a solution of 4.56 g of
tetrabutylammonium bromide dissolved in 20 ml of
2-chloroethyl vinyl ether. The mixture was heated at 95° C.
for 5 hours for a reaction. The reaction mixture was washed
with deionized water three times. The organic layer was
separated and subjected to distillation to remove unreacted
2-chloroethyl vinyl ether and toluene to obtaimn a vinyl ether
compound B-1. This compound had two vinyl ether groups
in the molecule.

SYNTHESIS EXAMPLE 10

Synthesis of Vinyl Ether Compound B-2

Into a flask were placed 1,490 parts of o-cresol, 1,145
parts of 30% formalin, 130 parts of deionized water and 6.5
parts of oxalic acid. The mixture was refluxed by heating for
60 minutes. Thereto was added 13.5 parts of 15% hydro-
chloric acid. The mixture was refluxed by heating for 40
minutes. Thereto was added 400 parts of deionized water of
about 15° C. The contents in the flask were kept at about 75°
C. to precipitate a resin. Thereto was added a 35% aqueous
sodium hydroxide solution for neutralization. Then the
aqueous layer was removed. To the resin layer was added
400 parts of deionized water to wash the resin at 75° C. The
aqueous layer was removed. The washing operation was
repeated twice. The resin was dried at about 120° C. under

reduced pressure to obtain a novolac phenolic resin.
Molecular weight=about 600.

The operation of Sythesis Example 9 was repeated except
that 45.6 parts of bisphenol A was replaced by 15 parts of
said resin, to obtain a vinyl ether compound B-2. This
compound had about three and half vinyl ether groups 1n the
molecule.

SYNTHESIS EXAMPLE 11

Synthesis of Vinyl Ether Compound B-3

875 parts of a 75% ethylene glycol dimethyl ether solu-
fion of a polyisocyanate obtained by reacting 1 mole of
trimethylolpropane with 3 moles of tolylene diisocyanate
was reacted with 264 parts of 2-hydroxyethyl vinyl ether in
the presence of 1 part of dibutyltin diacetate at 35° C. for 3
hours to obtain a vinyl ether compound B-3. This compound
had three vinyl groups 1n the molecule. Solid content=about

81%.
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Example 1

Polymer A-1 100 parts
Vinyl ether compound B-1 60 parts
Polyethylene glycol (average 2 parts
molecular weight: 400)

Photochemically-acid- 10 parts
generating compound C-1 (*1)

Sensitizing dye-1 (*2) 0.5 parts
Triethylamine 6 parts

was dissolved 1in 140 parts of diethylerie glycol dimethyl
ether and gradually added to 1,460 parts of deionized water

while stirring to obtain an aqueous dispersion having a solid
content of about 10%.

In an electrodeposition bath consisting of said aqueous
dispersion was dipped a substrate made of polyimide film on
which a copper foil of 18 um thick was laminated. This
copper-laminated substrate was used as an anode and direct

current at a current density of 50 mA/dm~ was applied
between the anode and the opposite electrode for 1 minute.

Thereafter, the substrate was taken out of the bath and

water-washed and dried at 120° C. for 8 minutes. The film
thickness of the resulting film was 3.4 um.

The thus obtained substrate was 1rradiated with a visible
light of 488 nm wavelength with the exposure being
changed gradiently, and then was heated at 130° C. for 10
minutes. The substrate after wrradiation and heating was
developed with 2.38% aqueous solution of tetramethylam-
monium hydroxide.

The y value (*3) determined from the curve of yield of
residual film after development to exposure of visible light
was 11.0. There was neither decrease nor swelling of the
unirradiated film portions at all.

A film was formed on a substrate made 1n the same
manner and irradiated with a visible light of 488 nm at the
exposure of 7 mJ/cm”, through a pattern mask, and then

dipped 1n water at normal temperature for 1 minute. After
that the irradiated film was subjected to the same treatment

as above, to form an 1mage pattern of line/space=1/1 um.
The sectional shape of the 1mage pattern was evaluated by
the angle formed by the substrate surface and the wall
surface of the image pattern. The angle was 88°, which
indicated a very excellent pattern shape. The lowest expo-
sure for image formation was 5 mJ/cm*

(*1) Photochemically-acid-generating compound C-1:
NAI-100 made by Midor1 Chemical, represented by the
following formula, was used.

(*2) Sensitizing dye-1: NKX-1595 made by Nippon
Kanko Shikiso Kenkyusho, represented by the following
formula, was used.
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(*3) v value: An index showing a contrast level. A higher

v value shows higher contrast. The measurement of v
value was conducted by the method described 1n “Pho-
topolymer Handbook™ pp. 101-103 (1989), edited by
Photopolymer Conference and published by Kogyo
Chosakai (Tokyo).

Example 2

Polymer A-2 100 parts
Vinyl ether compound B-2 25 parts
Polyethylene glycol (average 2 parts
molecular weight: 400)

Photochemically-acid- 7.5 parts
generating compound C-2 (*4)

Sensitizing dye-2 (*5) 1 part
Triethylamine 6 parts

was dissolved 1n a mixture of 150 parts of 2-butoxy-ethanol
and 25 parts of benzyl alcohol and added to 547 parts of
deionized water 1n the same manner as Example 1 to obtain
an aqueous dispersion having a solid content of about 15%.
Then, using a transparent electrode substrate made of a glass
plate on which indium tin oxide was deposited, electrodepo-
sition coating was conducted 1n the same manner as
Example 1, except that the current density was changed to
20 mA/dm*. Thereafter, the thus treated substrate was dried
at 100° C. for 7 minutes. The film thickness obtained was 1.5
{m.

The v value was determined for this substrate in the same
manner as Example 1. The v value was 10.5 and there was
neither decrease nor swelling of the unirradiated film por-
tions at all.

Then, using a visible light of 488 nm as light for
irradiation, the shape of the image pattern was evaluated 1n
the same manner as Example 1, except that the exposure was
changed to 3 mj/cm”. The angle was 88°, which indicated a
very excellent pattern shape. The lowest exposure for 1mage
formation was 2 mJ/cm”.

(*4) Photochemically-acid-generating compound C-2:
NAI-105 made by Midori Chemical, represented by the
following formula, was used.

(*5) Sensitizing dye-2: The compound made by Nippon
Kanko Shikiso Kenkyusho, represented by the follow-
ing formula, was used.
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CH; CHj N R
oA
\ TN
T/ O O
CoHs
Example 3
Polymer A-3 100 parts
Vinyl ether compound B-3 20 parts
(solid content: 81%)
Photochemically-acid- 5 parts
generating compound C-3 (*6)
Sensitizing dye-3 (*7) 1 part
Triethylamine 6 parts

was dissolved 1in a mixture of 100 parts of dimethoxydieth-
ylene glycol and 50 parts of benzyl alcohol and dispersed in
525 parts of deionized water in the same manner as Example
1 to obtain an aqueous dispersion having a solid content of

about 15%.

In an electrodeposition bath consisting of said aqueous
dispersion was dipped a copper foil of 300 um thick as an
anode and direct current at 65V was applied between the

anode and the opposite electrode for 1 minute. Thereafter,
the substrate was taken out of the bath and water-washed and

dried at 110° C. for 10 minutes. The film thickness obtained
was 4.5 um.

The v value of the thus obtained substrate was determined

exactly in the same manner as Example 1. The v value was
10.0.

Then on the resist film on the substrate prepared 1n the
same manner, a pattern of line/space=30/30 um was drawn
by a direct-drawing machine using argon 10on laser of 488 nm
wavelength at an energy density of 2 mJ/cm®. Then after
heating at 130° C. for 10 minutes, it was developed with 3%
aqueous solution of sodium carbonate. After that, by etching
the exposed copper with copper chloride and by eliminating
the film on the substrate with 3% aqueous solution of sodium

hydroxide, an excellent etching pattern was formed on the
substrate.

(*6) Photochemically-acid-generating compound C-3:
NAI-101 made by Midor1i Chemical, represented by the
following formula, was used.

O~ )
O u@

O

(*7) Sensitizing dye-3: LS-5 made by Mitsui-Toatsu
Chemicals, represented by the following formula, was used.
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Example 4

Polymer A-4 (solid content: 62.5%) 160 parts
Vinyl ether compound B-1 70 parts
Polyethylene glycol (average 2 parts
molecular weight: 400)

Photochemically-acid-generating 10 parts
compound C-1 (*1)

Sensitizing dye-1 (*2) 1 part
Triethylamine 15 parts

was dissolved 1n 250 parts of diethylene glycol dimethyl
ether and gradually added to 695 parts of deionized water
while stirring to obtain an aqueous dispersion having a solid
content of about 10%.

Then, electrodeposition coating was conducted i1n the
same manner as Example 1 to obtain a substrate, using an
clectrodeposition bath consisting of said aqueous dispersion.

This substrate was 1rradiated with a visible light of 488
nm wavelength with the exposure being changed gradiently,
and then was heated at 130° C. for 10 minutes. The substrate
after wrradiation and heating was developed with 2.38%
aqueous solution of tetramethylammonium hydroxide.

The v value determined from the curve of yield of residual
f1lm after development to exposure of visible light was 10.0.
There was neither decrease nor swelling of the unirradiated
film portions at all.

A film was formed on a substrate made i1n the same
manner and 1rradiated with a visible light of 488 nm at the
exposure of 8 mJ/cm”, through a pattern mask, and then
dipped 1n water at normal temperature for 1 minute. After
that the 1rradiated film was subjected to the same treatment
as above, to form an 1mage pattern of line/space=2/2 um.
The sectional shape of the 1mage pattern was evaluated by
the angle formed by the substrate surface and the wall
surface of the image pattern. The angle was 87°, which
indicated a very excellent pattern shape. The lowest expo-
sure for image formation was 6 mJ/cm”.

Example 5

Polymer A-5 (solid content: 50%) 200 parts
Polymer A-7 100 parts
Vinyl ether compound B-2 100 parts
Polyethylene glycol (average 2 parts
molecular weight: 400)

Photochemically-acid-generating 7.5 parts
compound C-2 {*4)

Sensitizing dye-2 (*5) 1 part
Triethylamine 15 parts

was treated 1n the same manner as Example 1 to prepare an
aqueous dispersion having a solid content of about 10%. By
using an electrodeposition bath consisting thereof, elec-
trodeposition coating was conducted in the same manner as
Example 1 to obtain a substrate with a resist film of 3.5 um

thick.

10

15

20

25

30

35

40

45

50

55

60

65

20

The v value was determined for this substrate in the same
manner as Example 1. The v value was 11.0 and there was
neither decrease nor swelling of the unirradiated film por-
tions at all.

Then the shape of the 1mage pattern on the substrate,
which was coated and dried under the above-mentioned
conditions, was evaluated using a visible light of 488 nm as
the light for rradiation and exactly in the same manner as
Example 1, except at an exposure of 2 mJ/cm”. The angle
was 88°, which indicated a very excellent pattern shape. The
lowest exposure for image formation was 1.5 mJ/cm?.

Example 6

Polymer A-6 (solid content: 62.5%) 112 parts
Polymer A-8 30 parts
Vinyl ether compound B-3 (solid 15 parts
content: 81%)

Photochemically-acid-generating 5 parts
compound C-3 (*6)

Sensitizing dye-4 (*8) 1 part
Triethylamine 7 parts

was used to obtain a substrate with a resist film of 3.4 um
thick in the same manner as Example 1.

The v value of this substrate was determined exactly in the
same manner as Example 1. The v value was 10.0.

Then on the resist film on the substrate prepared in the
same manner, a pattern of line/space=30/30 um was drawn
by a direct-drawing machine using argon 10on laser of 488 nm
wavelength at an energy density of 2 mJ/cm”. Then after
heating at 130° C. for 10 minutes, it was developed with 3%
aqueous solution of sodium carbonate. After that, by etching,
the exposed copper with copper chloride and by eliminating
the film on the substrate with 3% aqueous solution of sodium
hydroxide, an excellent etching pattern was formed on the
substrate.

(*8) Sensitizing dye-4: The compound made by Nippon
Kanko Shikiso Kenkyusho, represented by the following
formula, was used.

CH; CHj /N ‘ \ —CH,
X X < _F—CH;
N N\ o o
CH,
CH,

What 1s claimed 1s:

1. A positive-type electrodeposition photoresist composi-
tion which comprises a solution or dispersion obtained by
neutralizing with a basic compound, a composition com-
prising (A) a polymer having 0.5—-10 equivalents of carboxyl
group(s) and optionally having more than 1 equivalent of
hydroxyphenyl group(s) per kg polymer; (B) a compound
having at least two vinyl ether groups per molecule; (C) a
compound which generates an acid when 1rradiated with a
visible light, represented by the general formula
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Q 0

wherein R represents

group (where R, R, and R; each independently represent
hydrogen atom or fluorine atom),

and (D) a sensitizing dye, and dissolving or dispersing the
composition 1n an aqueous medium.

CH, ;

2. The composition set forth 1n claim 1, wherein the

polymer (A) has a number-average molecular weight of
about 500 to about 100,000.

3. The composition set forth in claim 1, wherein the
polymer (A) has carboxyl group(s) of 0.5—8 equivalents per
ke of the polymer.

4. The composition set forth 1n claim 1, wherein the
polymer (A) has hydroxyphenyl group(s) of 1-10 equiva-
lents per kg of the polymer.

5. The composition set forth 1n claim 1, wherein the

polymer (A) has a glass transition temperature (Tg) not
lower than 0° C.

6. The composition set forth in claim 1, which contains
the vinyl ether group-containing compound (B) in an
amount of 5—150 parts by weight per 100 parts per weight
of the polymer (A).

7. The composition set forth 1n claim 1, which contains
the photochemically-acid-generating compound (C) in an
amount of 0.1-40 parts by weight per 100 parts by weight
of the total of the polymer (A) and the vinyl ether group-
containing compound (B).

8. The composition set forth 1n claim 1, which contains
the sensitizing dye (D) in an amount of 0.1-10 parts by
welght per 100 parts by weight of the total of the polymer
(A) and the vinyl ether group-containing compound (B).

9. A positive-type electrodeposition photoresist composi-
fion which comprises a solution or dispersion obtained by
neutralizing with a basic compound, a composition com-
prising (A') a polymer having 0.5-10 equivalents of car-
boxyl group(s) per kg polymer; (A") a polymer having more
than 1 equivalent of hydroxyphenyl group(s) per kg poly-
mer; (B) a compound having at least two vinyl ether groups
per molecule; (C) a compound which generates an acid
when 1wrradiated with a visible light, represented by the
ogeneral formula
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JO

wheremn R represents

group (where R, R, and R, each independently represent
hydrogen atom or fluorine atom),

g

and (D) a sensitizing
dye, and dissolving or dispersing the composition 1n an
aqueous medium.

10. The composition set forth 1n claim 9, wherem the
polymer (A') has a number-average molecular weight of
about 3,000 to about 100,000.

11. The composition set forth i claim 9, wherein the
polymer (A') has carboxyl group(s) of 0.5—8 equivalents per
ke of the polymer.

12. The composition set forth 1 claim 9, wherein the
polymer (A") has a number-average molecular weight of
about 500 to about 100,000.

13. The composition set forth 1 claim 9, wherein the
polymer (A") has hydroxyphenyl group(s) of 1-10 equiva-
lents per kg of the polymer.

14. The composition set forth 1n claim 9, wherein each of
the polymers (A') and (A") has a glass transition temperature
(Tg) not lower than 0° C.

15. The composition set forth 1 claim 9, wherein the
proportion by weight of the polymer (A') and the polymer
(A") 1s 90/10-10/90.

16. The composition set forth 1 claim 9, which contains
the vinyl ether group-containing compound (B) in an
amount of 5-150 parts by weight per 100 parts by weight of
the total of the polymer (A') and the polymer (A").

17. The composition set forth 1 claim 9, which contains
the photochemically-acid-generating compound (C) in an
amount of 0.1-40 parts by weight per 100 parts by weight
of the total of the polymer (A'), the polymer (A") and the
vinyl ether group-containing compound (B).

18. The composition set forth i claim 9, which contains
the sensitizing dye (D) in an amount of 0.1-10 parts by
welght per 100 parts by weight of the total of the polymer
(A"), the polymer (A") and the vinyl ether group-containing
compound (B).

19. The composition set forth i claim 1 or claim 9,
wherein the vinyl ether group-containing compound (B) 1s a
low-molecular weight or high-molecular weight compound
having, in the molecule, two to four vinyl ether groups

CH, —:
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represented by a formula —R'—O—CH=CH,,, wherein R’

represents a C,—C, straight chain or branched chain alkylene
group.

20. The composition set forth mn claim 1 or claim 9,
wherein the vinyl ether group-containing compound (B) is a
condensation product between a polyphenol compound and
a halogenated alkyl vinyl ether, or a reaction product
between a polyisocyanate compound having an aromatic
ring and a hydroxyalkyl vinyl ether.

21. The composition set forth mn claim 1 or claim 9,
wheremn the photochemically-acid-generating compound
(C) 1s selected from the group consisting of

() ;
()

8%1 L O

22. The composition set forth mn claim 1 or claim 9,
wherein the sensitizing dye (D) is selected from the group
consisting of compounds represented by general formulae

(1)
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wheremn R, R, R, and R, each mmdependently represents
methyl, ethyl, propyl or 1sopropyl groups, and R, and
R, each independently represents hydrogen atom, alkyl
ogroup ol 1-4 carbon atoms, alkoxy group of 1-4 carbon
atoms, alkoxycarbonyl group of 2-5 carbon atoms,

dialkylamino group of 1-4 carbon atoms in each alkyl
moiety, Cl, Br, CN, NO, or SO,CH,; and

(ILD)
Rip Ry

NM“/\_RH
N

Ry

wherem R,,, R,; and R,, each independently represents
methyl, ethyl, propyl or 1sopropyl groups, and R, and
R,, each independently represents hydrogen atom,
alkyl group of 1-4 carbon atoms, alkoxy group of 14
carbon atoms, alkoxycarbonyl group of 2-5 carbon
atoms, dialkylamino group of 1-4 carbon atoms 1n each
alkyl moiety, CI, Br, CN, NO, or SO,CH,; cyanine
dyes, merocyanine dyes and coumarin dyes.

23. The composition set forth in claim 1 or claim 9, which

further contains hydrophilic resins.
24. The composition set forth 1n claim 1 or claim 9
wherein the composition 1s neutralized with a basic com-

pound 1n an amount of 0.1-1 equivalent per carboxyl group
in the polymer (A) or (A').

25. A process for pattern formation which comprises
conducting sequentially: a step of coating a positive type

clectrodeposition photoresist composition as set forth in
claim 1 or claim 9 on a substrate having an electroconduc-
five surface by electrodeposition; a step of heating said
substrate; a step of irradiating the resulting substrate 1mage-

selectively with a visible light; a step of heating the 1rradi-
ated substrate, and a step of subjecting the resulting substrate
to development with a basic developer.

26. The process for pattern formation set forth in claim 235,
which further comprises a step of contacting the substrate
with water, after the step of irradiating the substrate 1image-
selectively with a visible light.

27. A pattern which 1s formed by the process set forth 1n
claim 25.

28. A pattern which 1s formed by the process set forth in
claim 26.
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